Introduction
.
Duration of development of invasive cancer from normal colon epithelium is about 7-12 years (Kim et al., 2007) . Many genetic and epigenetic factors play a role in this process. Apoptosis is one of these factors (Li et al., 2013; Zhu et al., 2013; Acebedo et al., 2014) .
Bcl-2 and p53 are two important apoptotic markers. When considered together they are accepted to be the prognostic factors in colon carcinoma (Zhao et al., 2005) . It was showed that AKAP12 ceases the cell cycle, and induces apoptosis in cells of fibrosarcoma (Yoon et al., 2007) . In our study we searched the relationship of AKAP12 with apoptotic markers Bcl-2 and p53.
Materials and Methods

Patient selection
Our study included 65 cases that were histopathologically diagnosed with colorectal carcinoma (CRC) from the tissue samples acquired by surgical resection in Antalya Education and Research Hospital between 2008 and 2010. We excluded 20 patients whose follow-ups and treatments were not carried out in our hospital. Samples of the remaining 45 patients were used for histopathological staging according to the 7th edition of American Joint Committee on Cancer (AJCC). AKAP 12, Bcl-2, and p53 expressions were examined by immunohistochemical method. The information about demographic data such as age, sex, stage of disease, and treatments were obtained by searching patient files retrospectively.
Tissue preparation and immunohistochemical staining
Resection materials obtained after colorectal surgery were placed in 10% formaldehyde immediately after the process and fixed for 24 hours. After fixation, pathologically sampled tumor samples were buried into paraffin after routine tissue follow-up. Immunohistochemical staining was applied on cross-sections containing nominal tumor samples that were evaluated with hematoxylin and eosin staining. Cross-sections of 4 μm thickness prepared for immunohistochemical staining were deparaffinized in an oven at 60°C for 2 hours. Afterwards, they were kept in xylene for 30 minutes and 100% alcohol for 30 minutes, and washed with water. Laminas were kept in a solution buffered with 10% citrate in the microwave at maximum power (800 watts) for 15 minutes. Afterwards, the power was decreased by half for an additional 20 minutes in the microwave. Laminas brought out of the microwave were kept at room temperature for 20 minutes. Endogenous peroxidase activity was removed by being kept in 3% hydrogen peroxide for 10 minutes. Laminas washed with phosphate-buffered saline (PBS) were kept with protein blockage after having been treated with 3×5 PBS. After being kept in primary antibodies; AKAP12 (mouse monoclonal, clone 100/D5, dilution 1:50, Abcam, Cambridge, USA), p53 (mouse monoclonal, clone B p53; 12, dilution 1:100, Invitrogen, Carmennillo, Canada), and Bcl-2 (mouse monoclonal, clone clone100/D5, dilution 1:50, Thermo Scientific, Fremont, USA) for 60 minutes, they were washed in PBS for 5 minutes. Afterwards, they were treated with biotinylated secondary antibody (Vector Laboratories, Burlingham, CA) for 20 minutes and washed with PBS for 5 minutes. They were then kept with peroxidase conjugated antibody for 20 minutes. Afterwards, they were washed in PBS for 5 minutes. They were kept in chromogenic DAB for 5 minutes. Laminas were washed under tap water and then counterstained with hematoxylin. They were dehydrated, dried, and covered with Entellan. For negative controls, the primary antibodies were omitted.
Evaluation of immunohistochemically stained sections
Expression rates for the positive tumor cells in the specimens were evaluated by 2 pathologists who were unaware of the patients' clinical features (DS, ASA). In each case, normal colorectal mucosa adjecent to carcinoma showed weak apical cytoplasmic staining with AKAP12. This cytoplasmic staining observed in non-neoplastic surface and gland epithelium was used as the positive internal control for AKAP12 in the evaluation of cases. Vascular structures, fibroblasts, smooth-muscle cells of muscular layers, neural structures, and adipocytes within the cross-section showed no staining. Absence of expression in these structures was used as the negative internal control in immunohistochemical evaluation. The staining pattern for carcinoma cells were cytoplasmic with AKAP12. Immunohistochemical staining determined in ≥10% of the carcinoma cells was considered as positive while the rate of stained carcinoma cells determined in <10% was considered as negative. Positive cases were further classified according to the intensity of staining in comparison with adjacent non-neoplastic epithelium ( Figure 1A ). If the intensity of the staining was similar to adjacent non-neoplastic epithelium, it was scored as mild (1+), cases with strong staining were scored as severe (3+), remaining cases were scored as moderate (2+) staining ( Figure 1B,1C,1D ).
The p53 expression was assessed according to nuclear staining of the tumor cells. The Bcl-2 expression was determined by nuclear and cytoplasmic staining of the tumor cells. For both of theses markers, ≥10% staining in the samples was considered as positive, wheras <10% staining was assessed as negative (1E,1F).
Statistical analysis
Statistical analyses were carried out using SPSS software for Windows 15.0. Differences between groups were observed by using chi-squared test. P values under 0.05 were considered significant.
Results
A total of 45 colorectal adenocarcinoma patients -17 (37.8%) females and 28 (62.2%) males-were included in this study. Mean age of the patients was 60.4 years (95% confidence interval 56.4-64.3 years) One patient (2.2%) was in stage I, 14 patients (31.1%) were in stage II, 25 patients (55.6%) were in stage III, and 5 patients (11.1%) were in stage IV. The only distant metastasis site for the patients with metastatic disease was liver.
Lymph node involvement determination rate was 64.4% (29 patients). When patient samples were evaluated in terms of histological grades, 4 patients (8.9%) had grade 1 tumor, 36 patients (80%) had grade 2 tumor, and 5 patients (11.1%) had grade 3 tumor. Lymphovascular invasion (LVI) was determined in 28 patients (62.2%), perineural invasion (PNI) was determined in 17 patients (37.7%), and lymphocytic response (LR) was determined in 14 patients (31.1%). LR was considered as positive in case of detecting lymphoid infiltrate in the tumor tissue.
The weak cytoplasmic staining of AKAP12 was observed in apical parts of non-neoplastic surface and glandular epithelium. This staining pattern was seen in all of the cases. All of the carcinoma cases showed cytoplasmic AKAP12 expression. According to staining intensity; AKAP 12 expression was determined as 1(+) in 8 patients (17.8%), was determined as 2(+) in 23 patients (51.1%), and was determined as 3(+) in 14 (31.1%) patients. When 1(+) staining intensity was considered as negative, and 2(+) and 3(+) staining intensities were considered as positive; AKAP12 expression was found negative in 8 patients (17.8%), and positive in 37 patients (82.2%).
There were no significant relations between AKAP12 expression, and age, sex, LVI, PNI, LR, T stage, lymph node involvement , metastasis or stage (p: 0.078, p: 0.24, p: 0.37, p: 0.46, p: 0.98, p: 0.117, p: 0.812, p: 0.661, p: 0.481 respectively). There was a significant relation between AKAP12 expression with histological grade (p: 0.026). 32 patients (86.5%) of AKAP12 positive group, and 4 patients (50%) of AKAP12 negative group had grade 2 tumor.
Bcl-2 expression was found positive in 6 patients (13.3%). There were no signicant relations between Bcl-2 expression, and sex, age, tumor grade, LVI, PNI, or LR (p: 0.507, p: 0.366, p: 0.421, p: 0.129, p: 0.868, p: 0.827, respectively) .
p53 was found positive in 29 patients (64.5%). p53 expression had no significant relation with sex, age, tumor grade, LVI, PNI, or LR (p: 0.986, p: 0.134, p: 0.287, p: 0.294, p: 0.391, p: 0.304, respectively) .
AKAP12 expression had no significant relation with Bcl-2, or p53 expression (p: 0.939, p: 0.079, respectively).
Discussion
In our study, we showed that AKAP12 expression is not related with apoptotic markers; Bcl-2 and p53 in patients with CRC.
It is known that AKAP12 affects the apoptotic pathways. AKAP12 inhibits the kinase activity of PKC by joining it (Lin et al., 1996; Chaplin et al., 1998) . It causes separation of isoenzymes of PKC from the plasma membrane. By this way cytoplasmic levels and intracellular localization of cyclin D1 changes (Lin et al., 2000) . Cyclin D1 is synthesized during transition from G1 to S phase and it breaks down rapidly when the cell enters S phase (Vermeulen et al., 2003) . AKAP12 prevents cyclin D1 in G1 phase and ceases the cell cycle. Yoon et al. (2007) transferred AKAP12 into the human fibrosarcoma cells and searched the changes in gene expression in their study. They found an increase in Caspase 3 activity of the cells into which AKAP12 was transferred. They showed that proapoptotic bax expression increased while antiapoptotic Bcl-2 expression decreased. In this study, it is showed that AKAP12 changes the levels and intracellular localization of cyclin D1 (Yoon et al., 2007) . We could not find such a relation between AKAP12 and Bcl-2.
In a study of CRC cultures, re-expression of AKAP 12 induces apoptosis. It was suggested that AKAP12 plays a role in colon carcinogenesis (Liu et al., 2011) . Daoud et. al searched the down regulating and up regulating genes by p53 re-expression in human colon cancer cells by microarray method and they found that AKAP 12 is one of the up regulating genes (Daoud et al., 2003) . In cells with DNA damage, p53 stops the cell cycle during transition from G1 to S phase. By this way, cells with DNA damage cannot proliferate and they are destroyed by apoptotic pathway. However DNA damaged cells expressing mutated p53 continue to proliferate (Jalali et al., 2011) . In normal cells, p53 is expressed in small amounts that cannot be detected by immunohistochemical method. As a result of various mutations and deletions in p53 localized in short arm of chromosome 17, mutant p53 develops. Mutant p53 can be expressed in high levels in tumor cells (Kerns et al., 1992) . It is not known whether AKAP12 detected by immunohistochemical method is mutant or functional. Although there is no statistically significant difference between the groups, in p53 positive group (group consisting of mutant p53); the rate of AKAP12 expression was found as 83.6 % (Table  1) . Immunohistochemical staining of normal colonic mucosa as well as the tumor cells supports the idea that this AKAP12 is a normally functioning AKAP12.
Bcl-2 gene is firstly identified in patients with B cell follicular lymphoma establishing t(14;18) translocation, but its expression is not related to this translocation. Bcl-2 increases the life cycle of the cell by inhibiting apoptosis and therefore increases the exposure to mutagenic factors. In most of the human tumors a relation between Bcl-2 expression and survival has been shown (Yildirim et al., 2012) . In studies searching Bcl-2 expression in colon cancer, expression rates were found between 31%-70% (Menezes et al., 2010) . In our study; Bcl-2 expression rate was similar to these results. Similar to the relation between AKAP12 and p53, we found that AKAP12 was negative in 90.3% of the Bcl-2 negative group, and the relation was not statistically significant (Table 1) . Briefly, AKAP12 expression showed no significant difference in p53 positve/Bcl-2 negative group.
Development and progression of cancer is a complex process. There are many biological markers such as oncogenes, regulators of cell cycle, DNA repair genes that play a role in the initiation, progression, invasion and development of metastasis. They are used in determining prognosis and response to therapy. Apoptosis also plays an important role in carcinogenesis. Various studies defined the apoptotic activity of AKAP12. There are few studies in the literature searching the relation of AKAP12 with p53 or Bcl-2 expressions. In our study, we searched the relation of AKAP12 with both p53 and Bcl-2 in CRC, and found that there is no relation between either of them.
